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The cultivation practice of pineapple plant through tissue culture method has led to numerous 
abnormalities such as dwarfism, small fruit and small crown which are not suitable for 
commercialisation. Morphological description as early intervention has resulted in the loss 
of energy, time and money since the indicator relies upon morphology changes posed by the 
individual plant. Despite enormous research studies on DNA based molecular markers to 
detect genetic variation among plants, there were no study has been done on genetic fidelity 
study among micropropagated MD2 pineapple plants using DNA based molecular markers. 
Thus, this study aimed to assess genetic variation among clonally raised MD2 pineapple 
plants using Random Amplified Polymorphic DNA (RAPD) and Inter Simple Sequence 
Repeat (ISSR) molecular markers. A total of 22 genomic DNA amplified using six RAPD 
and six anchored ISSR markers. RAPD markers generated a total of 120 bands with 93% 
polymorphism percentage whereas the ISSR markers generated a total of 93 bands with 73% 
polymorphism percentage. Evaluation through resolving power (Rp), polymorphism 
information content (PIC) and marker index (MI) showed RAPD markers (Rp = 7.08; PIC 
= 0.34; MI = 1.72) are more informative compared to ISSR markers (Rp = 4.17; PIC = 0.32; 
MI = 1.00). Clustering analyses using Principal Component Analysis (PCA) and Unweighted 
Pair Group Method with Arithmetic Mean (UPGMA) resulted in the indefinite clustering 
patterns while the dendrograms revealed the inability of the markers to correlate the plant 
morphology with their genetic structure. AMOVA analysis found high genetic variation 
within groups of pineapple with variation percentage >70% and Phi statistic estimated wide 
genetic variation among the studied genotypes. In general, the RAPD and ISSR markers 
revealed that the plant’s morphology did not evitably correlate to its genetic structure. The 
results obtained are closely related with the genome coverage and the loci number detected 
iv 
by the molecular markers. This study may form the basis for MD2 breeding program and 
exploring other molecular markers that can potentially corresponds to the phenotypic 
polymorphisms.  
Keywords: ISSR, MD2 pineapple, RAPD, somaclonal variation, tissue culture 
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Penilaian Keberkesanan Penanda Molekul RAPD dan ISSR Untuk Analisa Variasi 
Genetik Antara Klon Nanas MD2 (Ananas comosus var MD2) 
ABSTRAK 
Penanaman tanaman nanas melalui kultur tisu sering menghasilkan tumbuhan abnormal 
seperti saiz tanaman kerdil, buah dan jambul yang kecil di mana ciri morfologi tersebut 
tidak sesuai untuk tujuan komersial. Penggunaan ciri morfologi sebagai intervensi awal 
untuk pengesanan tumbuhan tidak normal tidak sesuai kerana kebergantungan penanda 
tersebut pada perubahan morfologi individu tanaman. Walaupun terdapat banyak 
penyelidikan menggunakan penanda berasaskan DNA untuk proses penilaian variasi 
genetik di antara tumbuhan bagaimanapun, tidak ada kajian dijalankan untuk menilai 
variasi genetik ke atas tanaman nanas MD2 yang dihasilkan melalui kultur tisu. Kajian ini 
dijalankan bertujuan untuk menilai variasi genetik diantara klon tanaman nanas MD2 
menggunakan penanda molekul amplifikasi pantas DNA polimorfik (RAPD) dan urutan 
antara jujukan ringkas (ISSR). Sebanyak 22 genomik DNA telah diamplikasikan 
menggunakan enam penanda molekul RAPD and enam penanda molekul ISSR bersauh telah 
menghasil sejumlah 213 jalur dengan peratusan polimorfisme sebanyak 93% manakala 
penanda molekul ISSR menghasilkan 93 jalur dengan peratusan polimorfisme sebanyak 
73%. Penilaian penanda molekul melalui daya penyelesaian (Rp), kandungan maklumat 
polimorfisme (PIC) dan indeks penanda (MI) menunjukkan penanda RAPD (Rp = 7.08; PIC 
= 0.32; MI = 1.72) lebih bermaklumat/diskriminatif berbanding penanda molekul ISSR (Rp 
= 4.17; PIC = 0.32; MI =1.00). Analisis kluster menggunakan analisis komponen prinsipal 
(PCA) dan Unweighted Pair Group Method with Arithmetic Mean (UPGMA) menghasilkan 
corak pengelompokan yang tidak menentu sementara dendrogram menunjukkan 
ketidakupayaan penanda molekul untuk mengaitkan morfologi tumbuhan dengan struktur 
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genetik tumbuhan. Analisis melalui AMOVA pula mendapati variasi genetik yang tinggi 
dalam kumpulan nanas dengan peratusan variasi sebanyak >70% dan statistik Phi 
menganggarkan variasi genetik yang luas di antara genotip nanas yang dikaji. Secara 
umum, keputusan yang diperoleh amat berkait rapat dengan liputan genom dan bilangan 
lokus yang dikesan oleh penanda molekul. Selain daripada itu, morfologi tumbuhan tidak 
seharusnya berkolerasi dengan struktur genetik. Sehubungan itu, kajian ini boleh dijadikan 
sebagai asas bagi program pembiakan nanas MD2. 
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1.1 Study Background 
The pineapple, Ananas comosus (L.) Merr. is a perennial Liliopsodae 
(monocotyledons) fruit crops and it belongs to the Bromeliaceae (Jackson et al., 2016; Zhang 
et al., 2016; d’Eeckenbrugge & Leal., 2018; Sarkar et al., 2018). The pineapple plant is 
hypothesised to be originated from the river basins of Parana and Paraguay in South 
America. This tropical fruit ranks the third most exported commercial fruit crop along with 
banana and mango with worldwide production of 25.8 million tonnes in 2016 (Ogata et al., 
2016; Zhang et al., 2016; FAOSTAT, 2018; Jaji et al., 2018). In Malaysia, this fruit crop has 
a solid prospect in the country’s agriculture economy and has a high production with an 
estimation of 272,570 metric tonnes in 2015 (Abd Halim, 2016). 
Similar to other perennial plants, pineapple plants are maintained through its 
vegetative propagules such as the crown, slips and suckers (Figure 1.1) (Jackson et al., 2016). 
Even though vegetative propagation is the common practice in pineapple plants planting, the 
use of propagules is not lucrative due to fungus contaminations (Fusarium moniliforme 
Shield. var. subglutinanas WR and RG). The contamination can result in losses of pineapple 
production by 30% (Moreira et al., 2016). To overcome the fungal contamination and to 
increase pineapple planting materials and fruit production, tissue culture technique was 
applied in pineapple propagations.  
Tissue culture or clonal propagation is an asexual propagation technique which 
enables vast propagation of new plant individual within a limited space (Krishna et al., 
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2016). Theoretically, tissue culture technique is predicted to produce uniformity in 
individuals within clones whereby the plant individual will have the exact genetic 
information as the mother plant, hence providing an advantage to commercial production as 
well as providing phytosanitary planting materials. Unfortunately, abnormalities are 
frequently observed among clone populations (Krishna et al., 2016). The high occurrences 
of somaclonal variation within clonally raised plant regenerants are due to the mode of 
regeneration practices in tissue culture technique which resulted in the losses of cellular 
program control of the cells (Leva & Rinaldi, 2017). Thus, the instances of somaclonal 
variations give a setback to tissue culture practice and germplasm preservation. Therefore, 
the use of molecular markers is essential to determine genetic variation due to somaclonal 
variations among the micropropagated plants (Krishna et al., 2016; Mafakheri et al., 2020). 
The utilisation of DNA based markers in tissue culture breeding program is essential to select 
out, hence limiting plant abnormalities in the breeding program. Molecular markers can be 
utilised to detect subtle changes among the plants genetic via monitoring genetic fidelity 
(polymorphism) among the individuals, consequently enabling early selection of unwanted 




Figure 1.1:  The vegetative propagules of the pineapple plant 
 
In this study, Random Amplified Polymorphic DNA (RAPD) and Inter Simple 
Sequence Repeats (ISSR) were used to determine genetic variation among clonally raised 
MD2 pineapple plant. Previous studies have engaged these molecular markers to study 
genetic similarity and dissimilarity among micropropagated pineapples with its mother 
plants. Nevertheless, no study has been conducted taking into the account based on the plant 
morphologies with the genetic structure of the plants originated from tissue culture. Hence, 
this study was conducted to evaluate the correlation between the phenotypic and genotypic 
of clonally raised MD2 pineapple plants using both RAPD and ISSR molecular markers. 
Consequently, through this correlation study, it may represent certain abnormalities 
observed in MD2 pineapple to relate genetic characteristics posed by the selected molecular 
markers. Therefore, the study intended to provide information on MD2 abnormalities using 
both RAPD and ISSR markers and aid in the determination of suitable molecular markers to 
detect genetic variation among tissue cultured MD2 pineapple plants.  




ground are hapas. These shoots can be taken and planted to develop a new pineapple fruit 
(T., 2014).  
The life cycle is divided into 3 phases (Pinto da Cunha, 2004). The first stage of the 
growing plant is the vegetative phase which involves the time from planting to flowering. 
Secondly, there’s the reproductive phase or flowering and fruiting phase, which involves 
the period when the plant goes from flowering to maturing. And lastly, there’s the 
propagative phase which is the productive phase that continues after the fruit is ready for 
harvest and after that, when the suckers and slips are planted again for future planting 
(Pinto da Cunha, 2004).  











1.2 Problem Statement  
Conventional propagation via vegetative propagules is very slow and commonly at 
risk of fungi contamination. Due to these, the traditional practice is rather unprofitable to the 
planters and pineapple-based food-production companies. Hence, tissue culture is viewed as 
the alternative practice with an advantage in producing vast clones in small spaces, and 
rapidly as well as free from Fusarium contamination. Although the practice is viewed to be 
an advantage compared to the conventional practice, the method certainly has a drawback as 
abnormal plants are frequently observed. This study was conducted to investigate the genetic 
variation among clonally raised MD2 pineapple plants using both RAPD and ISSR 
molecular marker systems. Thus, through this genomic approach, it can help in the early 
selection of pineapple clones during the breeding programme. Therefore, the use of 
molecular markers in tissue culture breeding program will save time and materials.  
1.3 Significance of The Study 
This study was conducted to determine the most suitable DNA isolation buffer 
specific for the extraction of high-quality genomic DNA from MD2 pineapple plant and to 
evaluate genetic variation within tissue cultured MD2 pineapple plants by correlating the 
phenotype and genotype using RAPD and ISSR molecular markers. Through the findings 
of this study, it is expected to help tissue culture-sourced planting materials to gain 
popularity among pineapple planter’s communities such as the Malaysian Pineapple 
Industry Board (MPIB) and Malaysian Agricultural Research and Development Institute 
(MARDI). Hence, initiating tissue culture technique as their future prospect in the breeding 
program to supply planting materials to pineapple farmers. Besides, the study will assist the 
CRAUN Research SDN BHD to identify the level of acceptance of tissue culture in 
cultivating MD2 pineapple plants. In addition, the information gleaned could be used for 
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improving the current practice of pineapple cultivation in the country by incorporating 
planting materials supplied via tissue culture technique and subsequently increase the 
pineapple production in the country and aid the country’s economy. Moreover, this study was 
expected to add value to the current genetic data pertaining to Ananas comosus var MD2 and 
deepening the knowledge of tissue culture in the pineapple industry and aid in developing 
isolation protocol for MD2 pineapple and other pineapple varieties.  
1.4 Hypothesis 
The utilisation of RAPD and ISSR molecular markers will enable the detection of 
genetic variation among tissue cultured MD2 pineapple plants in comparison to other 
characteristics such as morphological traits correlating the plant genotypes with the plant 
phenotypes. This study hypothesised that the MD2 pineapple genetic structure was 
correlated to its morphological characteristics.  
1.5 Objectives 
This study aimed to investigate genetic variation among clonally raised MD2 
pineapple plants. The objectives of this study were as follow:  
i. To identify plant isolation buffer and optimise the condition for extracting 
genomic DNA from MD2 pineapple plant for the consequent genetic study. 
ii. To compare and to select the most informative marker system between 
RAPD and ISSR in evaluating genetic variation in MD2 pineapple plants.  
iii. To establish a correlation between phenotypic and genotypic 
characteristics among the MD2 pineapple variants.  
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1.6 Scope of The Study 
The scope of the study primarily focused on the genetic variation among 
micropropagated MD2 pineapple plants obtained from the CRAUN Research SDN BHD 
research site situated at Kampung, Mang, Kota Samarahan, Sarawak. The research 
encompassed the testing of independent marker systems and combination markers         
(RAPD + ISSR) in correlating the plant’s genotype with phenotype characteristics using 
clustering analyses such as the principal component analysis (PCA) and unweighted pair 
group with arithmetic mean (UPGMA)-based dendrogram meanwhile the Analysis of 
Molecular Variance (AMOVA) estimated the degree of genetic differentiation among the 
plant genotypes. The discussion of the study mainly discussed the amplification technique 
and the genome coverage of RAPD and ISSR markers with the clustering patterns and the 
correlation between the plant genotypes with the phenotypes. The RAPD and ISSR 
molecular markers were chosen due to the simplicity of these molecular makers whereby 
any prior knowledge on the DNA sequence of MD2 pineapple was not required. However, 
these dominant markers do not distinguish the homozygous individual from heterozygous 
individuals due to multiple detections of loci in a single reaction.  
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2.1.1 The Bromeliaceae 
Pineapple or scientifically known as Ananas comosus (L.) Merr. is a perennial 
herbaceous fruiting plant. Belonging to the order Bromeliales, family Bromeliaceae and 
subfamily Bromelioideae, the family encompasses an approximate of 56 genera with 2921 
species (Jackson et al., 2016; d’Eeckenbrugge & Leal, 2018). The Bromeliaceae is well 
adapted in various habitats as they thrive from terrestrial to epiphytic, tropical and 
subtropical, and from moist to dry places (d’Eeckenbrugge & Leal, 2018). 
The family Bromeliaceae is divided into three subfamilies, namely the 
Pitcarnioideae, Tillandsioideae and Bromelioideae. The subfamily Bromelioideae is the 
most diverse subfamily as it contains many genera but with the lowest species number 
(d’Eeckenbrugge & Leal, 2018). The genus Ananas, which categorised under 
Bromelioideae, is the most important plant in the Bromeliaceae. The genus Ananas provides 
pineapple fruit and ornamental pineapples namely the Ananas comosus var bracteatus, 
Ananas comosus var erectifolius and Ananas comosus var microstachys (d’Eeckenbrugge & 
Leal, 2018; Silva et al., 2019). 
2.1.2 Ananas: One genus and two species 
The genus Ananas is characterised by their inflorescence flower that fused into a 
syncarp producing fleshy compound fruit composed of two or more carpels from one flower 
with a dense rosette of scape-wide leaves (d’Eeckenbrugge & Leal, 2018). The pineapple 
